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Sorption and Transport of Antibiotic Resistance Bacteria in Manured Upland Soils

ZHAO Haifan, TANG Xiangyu”, CHENG Jianhua, CHEN Zhaoji

(National Laboratory for Development and Utilization of Forest Food Resources, College of Forestry and Biotechnology,
Zhejiang A & F University, Hangzhou 311300, China)

Abstract: In this study, batch and reconstructed soil column experiments were conducted to examine the sorption and
transference of antibiotic resistance bacteria (ARB) in three different soils (red soil, yellow soil, and calcareous soil) with
long-term application of pig or chicken manure, which exhibited contrasting properties. It was found that the Freundlich model
was fitted satisfactorily to isothermal sorption process of ARB in all experimental soils, with the sorption capacity (Kr) being
higher in soils amended by chicken manure than amended by pig manure. As a biocolloid, ARB transferred faster in the soils than
water. Breakthrough recoveries of ARB in different soils followed the order of yellow soil > red soil > calcareous soil, with soil
texture exerting the greatest impact. In yellow and red soils, greater ARB transferring occurred under pig manure amendment than
under chicken manure amendment; however, an opposite difference was observed in calcareous soil. At the leaching stage, a
significant transferring of ARB was also evidenced, which was more significant in soils amended by pig manure than amended by
chicken manure. In conclusion, ARB transferring in soil is affected by both soil properties and manure type.

Key words: Soil; Manure; Antibiotic resistance bacteria; Sorption; Transfer
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PHESF2ctst | RIS, DT S0 2 17 (1
FEM2 | JR]—Fh - A BRIV S AS TR AC 2524 T 7T g
KA FEI A4, SR, K0Tt AR R ZE b
FINPERRE I TR TN s AL 1 /N BH
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Al 4 FhiA: 2 (B RmELE | BUKE % . R
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RIS A AN R B T (b 3 b E
LS A BRTTAE A A - PR3z v (B i —TE R =AU
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FRAL AR 22 5 AR AT BR A F]) . AKORLE
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1% 2h % (PR A TE A IRA R . 2 | 3l ik
LG E BT AR T A BRA R L B (M
FAIR A RARE) . B EZE R (2 EE
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1.2 #hittiE

A3 1 R B WA BN T I 48 X (LA B B
e N T AR B (KH) £ K 4 DA R 4 A8 T 24 X
(WC)MLLIE, XF Th— 132, BRI 2 HUHARY
K973 531 i FH X 28 (CM) R 2 (PM) Y S BT, 76
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PERA T | RSP B B0 AN A 2 i . K
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Table 1  Physicochemical properties of experimental soils

T3 CRFRHLS HHEAS 2R pH H Bk R B A & K Zetar HUAZE A% (9/9)

Y e (g/kg)  (uSfem)  (glkg) @kg)  FLMV) meR kbR Ak
LA-CM biMIGZ i X 781 50.22 94.83 3.66 0.39 -11.10 047 030 023
WC-CM  &4E3dW 21 93% 557 22.23 63.75 1.32 0.99 -3.97 010 048 042
KH-CM Ik AKX+ 82 583 18.81 82.35 1.15 2.77 -12.53 030 042 0.28
LA-PM iz HHE ¥ 6.89 33.12 56.33 2.28 0.64 -11.00 035 040 0.25
WC-PM  &fEZE 413 M%¥E 6.45 24.08 120.90 1.42 0.60 -4.15 018 044 038
KH-PM ML AKE R 516 19.88 103.35 1.18 2.28 -11.05 034 037 029

TE: R DR <10 um UKL, K45 Stoke 23 2UR FHYIHEEE I, I FTURORLIE v 7 23T AU SE (Y Zeta HADL; HILBRZEI,

ki 2 ~0.02 mm, ¥k 0.02 ~0.002 mm, Zki <0.002 mm.,

1.3 mEERWMHEEERNG&E

1) LB }55R4E: AR 10 g R WR . 5 g BEbHE
Bpfn 10 g #Akah, ALK ESRE 1000 mL,
5 mol/L & A LS pH £ 7.0, & 121 CEHIEZHER
K& 20 min,

2) TIERERRAGEL TR K 3 A RERHLE Y 6 FhIHK
IR A, Y R S K RN 0.6 9/g,
25°CHM T HGSE 2 A, IR . FREGE L
TREFRA IR, INACKREKOK £ 9 1), &
FHRG TG, HE KR 20 RaH
B0 30 min, FRHEMEENE; FEHE 1 10 Y ELA,

¥ IR 2 LB SR B THRIR L AE 37 C.
120 r/min Z50F FEEFRAA,  NIMTARAS - HEA TR

3) HEEAEPUERMIEAES . 2% LEIGRM
S B ARE DM (CLSI) A e/ MRV B (MIC) B 18]
B A BN E 5 4 po/mL R SRR |
8 o/mL 38 1 E . 10 pg/mL BaETD B 16 pg/mL 5
KIEHW) LB Biapdhrh, BFRIR L, 7 37C.
120 r/min B F R 3% 96 h, RIGWIWIE FHPLE
TP DR o RS 5 T AR 04 TR R B R A T R RE 1
VAL, I RAR RIS BT A R PR . bk
RMPERE A g R DU 1.
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Fig. 1 Scanning electron microscopy image of antibiotic resistance
bacteria
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A E AR . YufEAET) | BOKA AR . Bk
07 SR A T 240 TR T 22 AL A Jo A T O o 1) 32 AR
FH Ao A g, At T Ak A R I BRI 56 1
FALE . FREL 1 g HHEER TR0, Sein
A 30 mL 10 mmol/LCaCl, 5 , 7E 25 °C. 120 r/min
T4 10 min, BEJS7E 4 °C . 2000 x g R E.L» 10 min
o, Bl RIS FNA 40 mL KEK, EE ER
BAE, MBITALIRS B 4 RS, TEL TR LA
AR AINARI GG E A 0,0.2,0.4,0.8, 1.2 Fl 1.6 abs
(WA ) A R i M R (B 10 mmol/L CaCly)
30 mL BEAMRAE R 34 FATHE, 7E 25 °C. 120 r/min
TR 2 h KBRS 1) B O R I A 5 mL
60% Y HERE X B WOBEIG 1E 4 C FEFETLRE 24 h, B
BRI, I E B F T TR VR
1.5 THFELRK

B R R 4 121 CHREZEIRKH
20 min, AR ZEE I A TR TAE G kT,

ARG e B R A B E AT (AR B em,
i 10 cm) | BESIEE A4 [ S WA AR A . TEBE
FErp S A 4, RRICRE 1 om, REBEIC N,
S5 1k AR FE AR AN G AN (FLAZ 20 pm)
STHEAAE, H A2 1 om JERA R ORIAS 75 ~
300 pm), DAGHIESEKESI AR, AsibEZ ik
— ik JE oA (FLAE 20 pm). AR TR L R R —3K e
e, HEH—)2 1 em BERA SRR, A AR
EEHIE 1.35 glem® 2247, 5 5 bk HHE 2 L3S
PRAsEAHIT

R RS, 7E S R A AT AL
. B, NEHIREE I EA TR BLIK, HTFEL

BTN, AR 24 h; SRS, A R om LA 817.7 pl/min
(FH4°T 25 mm/h; 52 A/ INF RN ) 16 mm
(R 8 SR ZR A 5 LB IERFL (PV)RY JC
E2 1 N e = B | 7/ B RS e o T o A
FoE H 5 KA

RS - o] FAE PR APTA R R, TR
0.42 PV(2 49 min)It4E 1 13 HKEE , RSNt
FETHIE KRR OGRS, ARG hA RIPE R, &
PR K T B R BEAE 4 ~ 5 PV ik BI04 ; Fifi e 45
KU TR B ALK, MFRAE 8 PV 24 RT, ik
ANFRA R . PR, R IE SCRIR AT, 30 S R bk
VERTTH 22 10 PV, DABAORBTAE 2N 1 1T 78 40 B

ERE : R KR A AT, s 2
BB O R b AR B Bk DI bt
R ER (S A 1108 CFU/mL $itk EifvE
A110.5 mmol/L (1 Br), LA 25 mm/hi#A 54 PV; @
PUAE R R GE BT B . K Y40 [n JC R 4K
Pk 25 mm/h 7EA 5 A4~ PV, FHER /AR A A5RR 48.95 min
WA HKFE, B ZEB IR IR 24 ANKEE. S brite
KRR BT AE R PR B . Brok . RT3y
Ff2. Zeta Hifi, DOCHKFE . pH fil %, Hrfr,
PEK B pH A 8.5, HLF% K 2.41 mS/cm, F
¥pkift iy 1 060.47 nm, Zeta Hi {7 h—28.0 mV., I4h,
FHIE A 7 S8 A, PRIERE A 9835 100 78 SRS 41
THEAT .

1.6 MEMBEF*®

BB K TR ¥ FE FH ODeoo {EL(600 nm %+ 4b
MW EAE) Ak . S oA FR i PR e S5 OB Y
MO F R O BV I i B A 2R TP R R B T
P& o — A FH P T8 A5 ) B AR R R VA TR
0 (CFU/mL) 5 58 4h 1] W43 56 5 B2 T H A5 i) i '
{E(ODeoo, abs), HES7HiA RS ODeoo
Pt 208, AT T pn i & i PeE RE(RY) N
0.993 4,

148 pH A R HK(EC): FREX 5 g & 2 mm Fiipdg +-
RS, BETELE T, A 25 mL B4k (K ik
5 1), BETIRZaAE 180 r/min FHE¥5 30 min,
FE 30 min J5, fEH pH TR SR 00 T
TH WA pH F EC, A 300 R FH 98U Ak e — R R 1 (pH
<6.5)M &, A HLoKR H m iAo P 5 R o A -
VA E RN A, AR T R T B BT L £ R D
FE, AR HYLIRE Z R e, SR MESER
HAACRI RS- te B, LR A R FH
A S 1100
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KR Bro v S TR 25 1 BE 11 (Bante931,
VR A, BURT- A AR Zeta HELAVff FH AR
KL HLAIHTY, DOC WA TOC A HLIK/ &
R (multi N/C 2100, & HSEZ/8 7)) 2, pH
FEC 4331 FH pH THRTHL S 54300 5
1.7 HELESSH

K FH Freundlich A5 Y A1 2 P AR R X6k AS [R] 6 B 47
Az VR B TR 13 b 0 SRR B o R A T LG

Freundlich 55 784 FH i i i W B S I 590 1 A
LRPENL B IR G, JE—Fh 2 IO | AR (R R B
AR S PR AR TH HL A 22 )2 et . Freundlich #5781 Al ]
KXQ)FER.

ge = KeCH" (1)
e qe EFA R 5 T Al Z T T Y R
(abs/g) ; Ce 17 isF /K A0 Ff A9 40 A 2R T 1 1 ke B
(abs/L); Ke WA RHE n EFEMIIE,

R AT R R W oI55 [ YA 2 Ty e b
SrEEEG, WTHEQR)FR

Q. = KdCe? (2)
A Ko &P 2 im0 W AH 23 e R 2L (L/g) o

e il AT KB AR R R AR R (B, dE
SRR T, T 7R B 1 7K 43 ) R R e B (i 7K
W C 5K CoZ Lh)BlHEK PV B fL 1Y 2F
B, TR A GEIRE PR R R & Br
[ 25 355 R (K P i BT 5 kR i R
Z ), RO A A A 3 2 R AR 2R R 0 {E
HEL PV 2R

ffiF Excel 2021 {4 % Bedg oAb B, i A
Origin 2023b # 4 X 3 B 48 A TR AL DL R AR O
PESHT, IFERL

2 ER51TR

2.1 TERHAE R R SRR

AN TR 398 b A 28T R A5 T R RS 78 420
ESHSE R LF 2, Freundlich B BT A7 kit + 8
T A R R LA R 2 R A (R? 7F 0.800 ~
0.992), ik F oM B EKT-. BRI BIiE R
ZLEEAN , LA ARG A A 4 3 rh e A R R 7
K EA R AA SR (R FE 0.691 ~ 0.989), 1A%
EKV-o X FErAHHL 1, Freundlich A7 A5
BRI T LA

Xf T[] — 2SR, A R AN [R] -3
PR Ke R/ INIBT 5 . B> A K +->4148, H
ZIAE Y Ke (E /N T A 2 F - 482580 X F [

— RO, R ARG 2E A Ke (2 TR
J AR FE 4. Cayci SFPOMTSE R, HHERA HLAR
A Rk DL i T RS 2% it P 2 A 39 o i
BEm. Yost SEEURESE AL, it A FERE S R AR B 4
SEAT HUBR AN ol A 4 A W il 5 i, (R . i
SHEWT , R FE VR FENT T 3B A A8 A P AT RE S
T Ke 25N . ST AL AR L, I3
el {1 1440 K 1 pH ORI R I, LA TS 26 5|
L ) 28 W e oA PO A, TR P ) 2 8 0 555 P 1 1 B
pH A AR R, LU HIXG IS TS [ 4 T
R, i FHASFE R B Ke i T A 2SR e e, ]
AEFZSHTEBGRA pHER S M)A 5. X T 2R
P/ R AE B it P 2 AL 2L A K -, it X 2
K o Tt FH 4 2 3 U nl B 3 28 5 i Bk n A
PLBR & A 5. UL, By pH R A9 A BB
F A A T XU R A, B pH /Y
LA I

%2 ﬁ’xﬁﬁﬁéﬂlﬁiﬁéqﬂﬁiiﬁﬁﬁ—i’%iﬂﬂ&Mﬁ:‘lﬁwﬁ

Table 2 Model parameters fitted to isothermal sorption processes of
antibiotic resistance bacteria in manured soils

Freundlich #i%1 el
Ke 1/n R? Ka R?
LA-CM 1.90 0.12 0.992™ 1.97 0.989™
WC-CM 0.28 0.42 0.892™ 0.29 0.800"

%

KH-CM  0.88 0.41 0.807" 0.72 0.691"
LA-PM 1.81 0.96 0.989™ 1.86 0.988™
WC-PM  0.24 0.12 0.992™ 0.14 0.382
KH-PM 0.76 0.53 0.800™ 0.72 0.691"

. *TRTE P<0.05 K BB, ¥R P<0.01 KF L
BE,

22 THHERMEENEBITA

A FEE IR P, Br A4 R L 0 2555
LA 2 s s A K A R AT 24
K BRYE S WL 3 K 4; PR ER EER S -
P AL T AR e A 3 BT .

XA R 458, AR (0.42 PV) K HdiT
A ZE T T B AR R B (CICo) ¥ T Br (Bt K 20w
) , B AR ZE I TRRH XV JE 068 L (Crmand Co) 1) HH AL
BIRF Br, AJIL, iR R B RES LK 53 B P 28
BEHE U, AR, WERARTERE A Y
TR MR FF PR TE R A TP R R R oK 4312324,

Xt F BT At 1 (S it FH XS S8 1 B AN), HAE
#1391(0.42 PV) /KK Zeta HLA (A6 X {E) Y RKiE = T
PrAE R PR EE K, PR AR R R . W]
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Fig. 2 Breakthrough curves of Br™ and antibiotic resistance bacteria in saturated soil column experiments
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£3 MMTHEBRR SR RREEOTESH TR A T TR 26 5 A SO0 IV 38, R 1
T3 Tt s O St b A ES R
1 W Br- P Z T B>tk +, LIRERE 7 ik i B R bR
LA-CM 042 PV [y C/C, 0.03 0.13 R A 25188 2R i e o 31X 9 B - 1 ks 6 i o i AE &
CoadCo(PV 3)  0.88(5.00) 0.54(3.75) T P BT 1A 560 O B BE ) AR — 2 S BUIR B R . Z L4
FBER 0.93 0.79 TR AR AR AL 2 o R AT AR RS, AR, K
WC-CM 042 PV [f] C/Co 0.03 0.16 LB Z2 | 20 B 5 A0 o 0ker 2 TRl 42 -k I R L 2
Crax/Co(PV %7) 0.77(5.00) 0.51(3.75) B, AT S BN T S R e R TR, Bradford
FEH 0.74 0.77 il Bettahar 315 Gargiulo Z5BAR A58, 41

KH-CM  0.42 PV [ CIC, 0.04 0.10

FERLA BT i B 1 L AE AR A B /b o 7E 3 6K 1

%égg“’ e anes HErtt, HEHERORD R A iR . R A BT, [T
APV a2V Ce ool 025 R TH: 2o R BROESE RS . L Ak
CralCoPVE)  0.77(5.42) 0.60(3.33) FEP P EPREAR S TR B, LU TR S A K L A
- 0.69 0.93 LERIII(0.42 PV) K BEFF T PR 85/, MR HE, $i
WC-PM  0.42 PV ) C/C, 0.02 0.18 He PR TR 0 2R R A I, XL IR R, Ry
CradCo(PV ED)  0.79(3.75) 0.68(2.92) FH P P AN A MR A 4T B R ey, P T (WL
i 0.77 0.93 SHL ) e ) PR SS MAR G X A ZE T T 5  R 1

KHPM  042PViICIC; 002 0.09 S T R H - IO AW B 7 T
CradGPVED — 0760.25) - 031208) SEK ) 2 BB T A 7E 0 RS
SR 07t 051 W Tk RN R, VP TIER, IIR 1

* 4 EHZFEREHKPRE R EERYEENE R

Table 4 Physical properties of antibiotic resistance bacteria in outflow samples of saturated soil column experiments

+3 TKFE B A F A TR A P 3 T
Zeta B (MV) AL ((m-cm)/(V-s)) - 344745 (nm) EZ €
LA-CM 0.42 PV /K £t -13.43 -1.05 1130.67 0.31
CrnadCo /KFE -16.23 -1.27 1 258.67 0.37
10 PV /K HE -20.93 -1.64 964.20 0.53
WC-CM 0.42 PV /K £t -13.77 -1.08 516.50 0.59
Crnax/Co 7K FE -5.05 -0.40 1393.00 0.49
10 PV /K Hf -30.20 -2.37 702.57 0.51
KH-CM 0.42 PV k£ -16.87 -1.32 866.30 0.89
CnaxlCo /KRR -4.55 -0.36 1440.00 0.97
10 PV 7K HE -13.43 -1.05 629.13 0.85
LA-PM 0.42 PV 7K #¥ -11.60 -0.91 753.90 0.72
CnaxlCo /KRR -3.00 -0.24 1354.00 0.48
10 PV K -10.00 -0.93 275.50 0.37
WC-PM 0.42 PV k£ -13.23 -1.04 814.30 0.87
Crnax/Co 7K FE -3.82 -0.30 1239.67 0.64
10 PV JKkHE -23.40 -1.83 667.17 0.85
KH-PM 0.42 PV 7K #¥ -17.40 -1.36 383.13 0.56
CnaxlCo /KRR -1.93 -0.15 1213.67 0.37
10 PV JK£E -18.90 -1.48 321.97 0.42
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Fig. 3 Results of correlation analysis

TE B8 520 - S9EFL SRR A9 MR 0T, DA 20 28 40 TR 7 i
FE3-381 YE 2 ad FEAC O RS Y A AR g, BN
i R AN 2 200 BT B 11 P — BIL AR, SR T AH DG 2 AT )
SRR RIIPUE R TR AR LI R SR+
IS PR - 1B) G J 3 R G & X 156 BT AR ZE T P 7
IR ] RERZ RN A R R B LRI A £ B R
grgedh Kt S 3 RE A -3 bR R R TR 1Y
WS (IR N 2038 2K oo T Uit A9 2% . Sepehrnial® %
MR RI, SR EFEM L, FA 220 B 03+ XF
P AR | R A I R B R B, AR 3
ARFLEMEF R SR 2 . JSRIH, 724
WFoErh, SAFP AL, FEEA S BB
Ferh b R Sk

Xt F T A 1, K B AR R R R Y
B EING, DUt R O, R E
By B 2 P AR 2R R R AR A RS B B
Gannonet Z5B8IE 42 5 cm. K 30 cm A HLIE EE A
WP A R R GE R R, R 1208
CFU/ML MY B (A 0.01 mol/L & kih), 4rHE
WEAR, AUF 0.015(C/Co) iy 4 M it + 4, 1Y
P B S TC R 22 KIS, WA 0.6(C/Co) Y 2 T 3
ib e P, 7 R 300 2 it ok T v A A
W, BEEFLBRK B TR 0 T R, s S mr I R
PO AR FRN 1 TR P RE J AE A W TT SEA% | 2 T GT 1l T 7K A
LTS e AR

3 ZLig

1) Freundlich #%1346E R 448l & Fr g 4K 1+
SE T A R TR ) AR R B R 30 R 3

SRS A 2R A T A PRE RS 80 K e TRt P 4 2
e

2) P RTHERERERS LK o S 535 14T .
AT - A R A o E R R
SESLUES K o AEEIEMLLE T, BUAE R
(202 RAEA R ZENE IR ) 22 5 R B - B FESRG 26
IR, A K, FEALIRIAY 22 57 AH B o

3) YA R B AR LA e Y Bt & & AR T
¥ , WA TH 3 rp AT AR BRI P R 7R R R S 1
REA LB INITR , JUHIEAEN % 260 L3 b, 15|
EE A

S

[1] kA%, 86, B/NGE, S RIEPTA R0 AL R F
SRk S S GS AT []. 2R, 2024, 61(3): 607-618

[2] YeomJR, Yoon S U, Kim C G. Quantification of residual
antibiotics in cow manure being spread over agricultural
land and assessment of their behavioral effects on antibiotic
resistant bacteria[J]. Chemosphere, 2017, 182: 771-780.

[3] Osinska A, Korzeniewska E, Harnisz M, et al. The
prevalence and characterization of antibiotic-resistant and
virulent Escherichia coli strains in the municipal
wastewater system and their environmental fate[J]. Science
of The Total Environment, 2017, 577: 367-375.

[4] Heaney C D, Myers K, Wing S, et al. Source tracking
swine fecal waste in surface water proximal to swine
concentrated animal feeding operations[J]. Science of The
Total Environment, 2015, 511: 676-683.

[5] Stumpp C, Lawrence J R, Hendry M J, et al. Transport and
bacterial interactions of three bacterial strains in saturated
column experiments[J]. Environmental Science &
Technology, 2011, 45(6): 2116-2123.

[6] Sen T K, Das D, Khilar K C, et al. Bacterial transport in
porous media: New aspects of the mathematical model[J].
Colloids and Surfaces A: Physicochemical and Engineering
Aspects, 2005, 260(1/2/3): 53-62.

[71 VuK, Yang G, Wang B Y, et al. Bacterial interactions and
transport in geological formation of alumino-silica clays[J].
Colloids and Surfaces B: Biointerfaces, 2015, 125: 45-50.

[8] sti~FiE, Bemies, JUmNEE, . FENUEM P4 R b
PERERDRIR | R Mo I R[], L8274, 2020, 57(1):
36-47.

[91 X%, HA&RIY, WLs, 5. KISMIEA PRSI
e B DX g M A 3857 43 FE AL A A3 RS2 e [3]. 43¢,
2023, 55(5): 991-1000.

[10] S5z, AHAeE, Jeide, & M LR Rk
BY52 I ——Meta 4387 [J]. -3, 2024, 56(3): 610-622
[11] Kristian Stevik T, Aa K, Ausland G, et al. Retention and
removal of pathogenic bacteria in wastewater percolating
through porous media: A review[J]. Water Research, 2004,

38(6): 1355-1367.

http://soils.issas.ac.cn



1106

+

i

55 57 &

[12]

(23]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Lawrence J R, Hendry M J. Transport of bacteria through
geologic media[J]. Canadian Journal of Microbiology,
1996, 42(4): 410-422.

S, SRR, EAT, S ZEE AR R L
W EH ], BREERR 2, 2023, 44(11): 6399-6411.
Schlegel A J, Assefa Y, Bond H D, et al. Soil
physicochemical properties after 10 years of animal waste
application[J]. Soil Science Society of America Journal,
2015, 79(3): 711-719.

Bowen W R, Doneva T A, Stoton J A G. The use of atomic
force microscopy to quantify membrane surface electrical
properties[J]. Colloids and Surfaces A: Physicochemical
and Engineering Aspects, 2002, 201(1/2/3): 73-83.
HAEE, RIGFRAE LI P Ry R WL A1 B A AL D],
KL RHFE T K2, 2016.

Bk, FIEALRAALSAE T M. Jeat: s E R AR
Bk, 1999.

Zhong H, Zeng G M, Liu J X, et al. Adsorption of
monorhamnolipid and dirhamnolipid on two Pseudomonas
aeruginosa strains and the effect on cell surface
hydrophobicity[J]. Applied Microbiology and Biotechnology,
2008, 79(4): 671-677.

Zhong H, Zeng G M, Yuan X Z, et al. Adsorption of
dirhamnolipid on four microorganisms and the effect on
cell surface hydrophobicity[J]. Applied Microbiology and
Biotechnology, 2007, 77(2): 447-455.

Cayci G, Temiz C, Ok S S. The effects of fresh and
composted chicken manures on some soil characteristics[J].
Communications in Soil Science and Plant Analysis, 2017,
48(13): 1528-1538.

Yost J L, Schmidt A M, Koelsch R, et al. Effect of swine
manure on soil health properties: A systematic review[J].
Soil Science Society of America Journal, 2022, 86(2):
450-486.

XUWTEE, BREAE, BRI, SN0 R bk I 1 bt
RS B ED]. RBERAE, 2025, 46(1): 409-
418.

Bales R C, Gerba C P, Grondin G H, et al. Bacteriophage
transport in sandy soil and fractured tuff[J]. Applied and
Environmental Microbiology, 1989, 55(8): 2061-2067.
Poulsen T G, Moldrup P, de Jonge L W, et al. Colloid and
bromide transport in undisturbed soil columns: Application
of two-region model[J]. Vadose Zone Journal, 2006, 5(2):
649-656.

Breiner J M, Anderson M A, Tom H W K, et al. Properties
of surface-modified colloidal particles[J]. Clays and Clay
Minerals,2006, 54(1): 12-24.

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

[34]

(35]

[36]

[37]

(38]

Crist J T, Zevi Y, McCarthy J F, et al. Transport and
retention mechanisms of colloids in partially saturated
porous media[J]. Vadose Zone Journal, 2005, 4(1): 184—
195.

Huysman F, Verstraete W. Water-facilitated transport of
bacteria in unsaturated soil columns: Influence of cell
surface hydrophobicity and soil properties[J]. Soil Biology
and Biochemistry, 1993, 25(1): 83-90.

ZEEAT. KRIHFFIE 0157: H7 A5 A pH BEE 3 i
FAG KRR [D]. KA A%, 2019.

KRBk, E AR E A M T KRBT IR 0157: HT f73h
FUE BRI A FFE[D]. FUM: Wik, 2014,

Yee N, Fein J B, Daughney C J. Experimental study of the
pH, ionic strength, and reversibility behavior of bacteria—
mineral adsorption[J]. Geochimica et Cosmochimica Acta,
2000, 64(4): 609-617.

Bradford S A, Bettahar M. Concentration dependent
transport of colloids in saturated porous media[J]. Journal
of Contaminant Hydrology, 2006, 82(1/2): 99-117.
Gargiulo G, Bradford S, Siminek J, et al. Bacteria transport
and deposition under unsaturated conditions: The role of the
matrix grain size and the bacteria surface protein[J]. Journal of
Contaminant Hydrology, 2007, 92(3/4): 255-273.

Guber A K, Karns J S, Pachepsky Y A, et al. Comparison
of release and transport of manure-borne Escherichia coli
and enterococci under grass buffer conditions[J]. Letters in
Applied Microbiology, 2007, 44(2): 161-167.

Pachepsky Y A, Sadeghi A M, Bradford S A, et al.
Transport and fate of manure-borne pathogens: Modeling
perspective[J]. Agricultural Water Management, 2006,
86(1/2): 81-92.

Pachepsky Y A, Yu O, Karns J S, et al. Strain-dependent
variations in attachment of E. coli to soil particles of
different sizes[J]. International Agrophysics, 2008, 22(1):
61-66.

D&z J, Rendueles M, D&z M. Straining phenomena in
bacteria transport through natural porous media[J].
Environmental Science and Pollution Research, 2010,
17(2): 400-409.

Sepehrnia N, Memarianfard L, Moosavi A A, et al.
Bacterial mobilization and transport through manure
enriched soils: Experiment and modeling[J]. Journal of
Environmental Management, 2017, 201: 388-396.

Gannon J, Tan Y H, Baveye P, et al. Effect of sodium
chloride on transport of bacteria in a saturated aquifer
material[J]. Applied and Environmental Microbiology,
1991, 57(9): 2497-2501.

http://soils.issas.ac.cn



